Investigation of the Effects of Facility Background Pressure on the Performance and Voltage-Current Characteristics of the High Voltage Hall Accelerator by Haag, Thomas et al.
ZZZQDVDJRY1
,QYHVWLJDWLRQRIWKH(IIHFWVRI)DFLOLW\%DFNJURXQG
3UHVVXUHRQWKH3HUIRUPDQFHDQG9ROWDJH&XUUHQW
&KDUDFWHULVWLFVRIWKH+LJK9ROWDJH+DOO$FFHOHUDWRU






+DQL.DPKDZL:HQVKHQJ+XDQJ7KRPDV+DDJ
1$6$*OHQQ5HVHDUFK&HQWHU
	
5RVWLVODY6SHNWRU
7KH$HURVSDFH&RUSRUDWLRQ
7/22/2014 
https://ntrs.nasa.gov/search.jsp?R=20150000852 2019-08-31T14:01:29+00:00Z
ZZZQDVDJRY2
Thruster 
PPU 
AXFS 
Xenon 
Tank 
Gimbal 
9$&&2
;)&0
+L9+$F('8
*LPEDO
GHULYHG
IURP
1(;7
6LQJOH6WULQJ
+L9+$F6\VWHP/D\RXW
,(3&
 7KH+L9+$FHQJLQHHULQJ
GHYHORSPHQWXQLW('8WKUXVWHU
RIIHUVLPSURYHGSHUIRUPDQFHDQG
PLVVLRQEHQHILWVRYHU62$
 7KH+L9+$F('8WKUXVWHUKDV
XQGHUJRQHH[WHQVLYHSHUIRUPDQFH
HYDOXDWLRQDQGKDVFRPSOHWHGD
UDQGRPYLEUDWLRQWHVW
 5HFHQWWHVWZLWKWKH+L9+$F('8
WKUXVWHULQGLFDWHWKDWDWKURXJKSXW
RIRYHUNJFDQEHDWWDLQHG
ZLWKRXWWKHQHHGIRUWKHLQVLWX
GLVFKDUJHFKDQQHOUHSODFHPHQW
PHFKDQLVPWKXVIXUWKHUVLPSOLI\LQJ
WKUXVWHUGHVLJQ
 7KH+L9+$FSURMHFWKDVOHYHUDJHG2&76%,5IXQGLQJWRDGYDQFHWKH
+L9+$FWKUXVWHUV\VWHPUHDGLQHVV
 ([WHQVLYHDWPRVSKHULFDQGYDFXXPWHVWLQJRIWKH&RORUDGR3RZHU
(OHFWURQLFV&3(EUDVVERDUG338KDVEHHQSHUIRUPHGDW1$6$
*5&
 1$6$*5&SODQVWRSHUIRUP6'7DQG/'7WHVWLQJRIWKH&3(
%%('8338ZLWKWKH+L9+$F('8WKUXVWHU
 7KH+L9+$FSURMHFWKDVOHYHUDJHG,637DQG'R'86$)IXQGLQJWRPDWXUHWKH75/OHYHORID[HQRQIHHGV\VWHPIRU
+L9+$F$IOLJKWTXDOLILHG9$&&2[HQRQIORZFRQWUROPRGXOH;)&0ZDVGHOLYHUHGWR1$6$*5&LQ-XQHDQG
ZDVLQWHJUDWHGZLWKWKH+L9+$FWKUXVWHUWHVWVLQ9)DQG9)
&3(%%
338 &3(%%338
ZZZQDVDJRY3
+L9+$F7HVW2EMHFWLYHVLQ1$6$*OHQQ9DFXXP
)DFLOLW\
+L9+$F7HVW6HWXSLQ9)
 2EMHFWLYHVRIWKH+L9+$FWHVWLQ9)LQFOXGH

 $VVHVVWKHSHUIRUPDQFHRIWKH+L9+$F
WKUXVWHUZLWKWKH&3(%%338DQG9$&&2
;)&0IEPC-2013-445
 3HUIRUPGHWDLOHGQHDUILHOGSRODUPDSVRI
WKHLRQEHDPIEPC-2013-058

 $VVHVVSHUIRUPDQFHRI+L9+$F('8
WKUXVWHULQWKHORZHVWSRVVLEOHDWWDLQDEOH
EDFNJURXQGSUHVVXUHHQYLURQPHQWDQGDW
HOHYDWHGEDFNJURXQGSUHVVXUH

 $VVHVVLPSDFWRIYDU\LQJWKHEDFNJURXQG
SUHVVXUHRQWKUXVWHUSHUIRUPDQFH

 $FTXLUH+L9+$FWKUXVWHU('89,
FKDUDFWHULVWLFVWRDVVHVVWKUXVWHUVWDELOLW\
DWYDULRXVRSHUDWLQJWKUXVWHUIORZUDWHV
DQGPDJQHWVHWWLQJV
7/23/2014 
ZZZQDVDJRY4
 $GGLWLRQDOREMHFWLYHVRIWKH+L9+$F
9)WHVWLQFOXGH

 0HDVXUHSODVPDSURSHUWLHVLQWKH
QHDUILHOGSOXPHXVLQJ$)5/KLJK
VSHHG/DQJPXLUSUREHV+6/3
AIAA-2014

 3HUIRUP)DVW&DPHUDPHDVXUHPHQWV
WRFKDUDFWHUL]HWKUXVWHURSHUDWLQJ
PRGHVAIAA-2014

 $VVHVVLPSDFWRIFKDQJLQJFDWKRGH
IORZVSOLWDQGDX[LOLDU\IORZLQMHFWLRQ
RQWKUXVWHURSHUDWLRQDQG
SHUIRUPDQFHAIAA-2014-

 (YDOXDWHWKUXVWHUSHUIRUPDQFHDW
GLIIHUHQWFDWKRGHSRVLWLRQV
FDWKRGHAIAA-2014



+L9+$F7HVW2EMHFWLYHVLQ1$6$*OHQQ9DFXXP
)DFLOLW\
 Perform detailed thermal characterization of 
the HiVHAc thruster using thermocouple and 
IR camera (Aerospace Corp) measurements 
7/23/2014 
ZZZQDVDJRY
+L9+$F9)7HVW&RQILJXUDWLRQ
&RQILJXUDWLRQLQ1$6$*OHQQ9DFXXP)DFLOLW\
9$&&2;)&0
LQVLGH9)
0)&VWKDWVXSSO\
[HQRQWR;)&0DQG
7KUXVWHU
+L9+$&PRXQWHGLQVLGH
9)RQLQYHUWHG
SHQGXOXPWKUXVWVWDQG
&3(%%338
RXWVLGH9)
/DERUDWRU\
SRZHUVXSSOLHV
IRU9,WHVW
7/22/2014 5
ZZZQDVDJRY
$)5/+LJK6SHHG
/DQJPXLU3UREHV
 3ODVPDGLDJQRVWLFVLQFOXGHV$)5/KLJKVSHHG/DQJPXLUSUREHV+6/3WKDWDUH
VLWXDWHGRQUDGLDODQGD[LDOVWDJHV
+L9+$F9)7HVW&RQILJXUDWLRQ
&RQILJXUDWLRQLQ1$6$*OHQQ9DFXXP)DFLOLW\
7/22/2014 6
ZZZQDVDJRY
$HURVSDFH,5
&DPHUD )DU)LHOG3ODVPD3UREHV
 (;%
 53$
 /3
)ODWPLUURUIRU$HURVSDFH)DVW&DP
 )DUILHOGGLDJQRVWLFVLQFOXGHVDQ,5FDPHUDIDVWFDPHUDDQGSODVPDSUREHV(;%
53$/3
+L9+$F9)7HVW&RQILJXUDWLRQ
&RQILJXUDWLRQLQ1$6$*OHQQ9DFXXP)DFLOLW\±SRI

7/22/2014 7
ZZZQDVDJRY
67$%,/LRQL]DWLRQJDXJHVDUH
SODFHGQH[WWRWKUXVWHU
67$%,/LRQL]DWLRQJDXJHLV
DOVRSODFHGRQFKDPEHUZDOO
+L9+$F9)7HVW&RQILJXUDWLRQ
&RQILJXUDWLRQLQ1$6$*OHQQ9DFXXP)DFLOLW\±SRI

7/22/2014 8
ZZZQDVDJRY
3HUIRUPDQFH&KDUDFWHUL]DWLRQRI+L9+$FLQ9)
 3HUIRUPDQFHFKDUDFWHUL]DWLRQRIWKH+L9+$FWKUXVWHUZDVSHUIRUPHGIRUWKH
SURSRVHG+L9+$FWKURWWOHWDEOH

 ,QJHQHUDOSHUIRUPDQFHHYDOXDWLRQUHVXOWVLQGLFDWHDGURSLQSHUIRUPDQFH
DWWKHORZHVWEDFNJURXQGSUHVVXUHFRQGLWLRQZKHQFRPSDUHGWRSUHYLRXV9)
SHUIRUPDQFHUHVXOWV
Vd, V 300 500 1000 1500 2000 2500 3000 3500 3900
200 X X X X
300 X X X X X X
400* X X X X X X X
500 X X X X X X X
600 X X X X X X X
650 X X X X X X X
Power, W
7/22/2014 9
ZZZQDVDJRY
3HUIRUPDQFH&KDUDFWHUL]DWLRQRI+L9+$FLQ9)
,QGLFDWHG3HUIRUPDQFH/HYHOV/RZHUWKDQ9)
ZZZQDVDJRY
%DFNJURXQG3UHVVXUH1HDUWKH7KUXVWHUZDV
$SSUR[LPDWHO\îORZHULQ9)ZKHQ&RPSDUHGWR9)
ZZZQDVDJRY
3HUIRUPDQFH&KDUDFWHUL]DWLRQRI+L9+$FLQ9)
,QGLFDWHG3HUIRUPDQFH/HYHOV/RZHUWKDQ9)
ZZZQDVDJRY
'LVFKDUJH
9ROWDJH9
'LVFKDUJH
3RZHUN:
3UHVVXUH
7RUU
  î
  î
  î
  î
  î
  î
  î
3UHVVXUH6HQVLWLYLW\6WXG\ZDV3HUIRUPHGDW
6HOHFWHG7KUXVWHU2SHUDWLQJ&RQGLWLRQV
 1RWHVWVDWHOHYDWHGEDFNJURXQGSUHVVXUHFRQGLWLRQVZHUHSHUIRUPHGDWDQG9GXHWR
VKDUSLQFUHDVHLQWKHWKUXVWHU¶VGLVFKDUJHFXUUHQWZKHQWKHIDFLOLW\EDFNJURXQGSUHVVXUHZDV
LQFUHDVHG
 ,QFUHDVLQJWKHEDFNJURXQGSUHVVXUHDWDQG9UHVXOWHGLQWKHGLVFKDUJHPRYLQJXSVWUHDP
WRZDUGVWKHDQRGHWKDWFDXVHG³JORZLQJ´RIWKHHURVLRQ]RQHWLSDQGLQFUHDVHGLVFKDUJHFXUUHQW
PDJQLWXGHV
ZZZQDVDJRY
9DULDWLRQRI'LVFKDUJH&XUUHQWDQG7KUXVWZLWK
%DFNJURXQG3UHVVXUH
'LVFKDUJHFXUUHQWDQGWKUXVWLQFUHDVHGDVWKHEDFNJURXQGSUHVVXUHZDV
LQFUHDVHG
ZZZQDVDJRY
9DULDWLRQRIWKH&DWKRGH&RXSOLQJ9ROWDJHZLWK
%DFNJURXQG3UHVVXUH
&DWKRGHFRXSOLQJYROWDJHEHFDPHPRUHSRVLWLYHDVWKHEDFNJURXQG
SUHVVXUHZDVLQFUHDVHG
ZZZQDVDJRY
6SHFLILF,PSXOVHDQG7KUXVW(IILFLHQF\9DULDWLRQ
ZLWK%DFNJURXQG3UHVVXUH
%RWKGLVFKDUJHVSHFLILFLPSXOVHDQGHIILFLHQF\LQFUHDVHGDVWKH
EDFNJURXQGSUHVVXUHZDVLQFUHDVHG
ZZZQDVDJRY
,QFUHDVLQJWKH%DFNJURXQG3UHVVXUH,PSURYHG
WKH7KUXVWHU¶V3HUIRUPDQFH
6XPPDU\RI3UHVVXUH6HQVLWLYLW\(YDOXDWLRQ
7HVW
&RQGLWLRQ î3 î3
 ,G,G 77 ,VS,VS ȘȘ ,G,G 77 ,VS,VS ȘȘ
9N: 1.020 1.060 1.060 1.098 1.070 1.120 1.120 1.175
9N: 1.003 1.018 1.018 1.033 1.030 1.041 1.041 1.053
9N: 1.040 1.037 1.037 1.031 1.040 1.053 1.053 1.067
9N: 1.004 1.020 1.020 1.035 1.020 1.050 1.050 1.085
9N: 1.028 1.031 1.031 1.035 1.030* 1.046* 1.046* 1.060*
9N: 1.005 1.029 1.029 1.054 1.030 1.069 1.069 1.095
9N: 1.006 1.041 1.041 1.075 1.030 1.082 1.082 1.134
ZZZQDVDJRY
[3UHVVXUH [3UHVVXUH [3UHVVXUH
7KUXVWHUSOXPHVWUXFWXUHFKDQJHGDVWKHEDFNJURXQGSUHVVXUHZDV
LQFUHDVHG
7KUXVWHU2SHUDWLQJDW9DQGPJV
7/22/2014 18
ZZZQDVDJRY
)DVW9,&KDUDFWHULVWLFVRIWKH+L9+$F7KUXVWHUZHUH
3HUIRUPHGDW9DULRXV7KUXVWHU2SHUDWLQJ&RQGLWLRQV
 7KH9,SURILOHVRIWKH+L9+$F('8WKUXVWHUZHUHREWDLQHGIRUYDULRXV
WKUXVWHUIORZUDWHVDQGHOHFWURPDJQHWVHWWLQJVDWGLIIHUHQWIDFLOLW\EDFNJURXQG
SUHVVXUHV

 7KH9,SURILOHVZHUHPHDVXUHGWRDVVHVVKRZWKHWKUXVWHURSHUDWLRQDQG
VWDELOLW\LVDIIHFWHGE\RSHUDWLRQDWHOHYDWHGEDFNJURXQGSUHVVXUHFRQGLWLRQV

 7KH+L9+$F('8WKUXVWHU9,FKDUDFWHUL]DWLRQZDVDFTXLUHGIRUDQRGHIORZ
UDWHVRIDQGPJVIRUHOHFWURPDJQHWFXUUHQWVPDJQLWXGHV
RI,RÂ,RDQGÂ,R

 )RUDOOWHVWFRQGLWLRQVWKHWKUXVWHUGLVFKDUJHYROWDJHZDVYDULHGEHWZHHQ
DQG9DW9LQFUHPHQWVZLWKDYROWDJHUDPSUDWHRI9V
ZZZQDVDJRY
)DVW9,&KDUDFWHULVWLFVRIWKH+L9+$F7KUXVWHU
3URYLGHD3UHOLPLQDU\$VVHVVPHQWRI2SHUDWLRQDO
6WDELOLW\
 7KH9,SURILOHVSURYLGHLQVLJKWVLQWRWKUXVWHUEHKDYLRUDQGVWDELOLW\

 $QHJDWLYHVORSHGUHJLRQZKHUHDVWKHGLVFKDUJHYROWDJHLVLQFUHDVHG
WKHGLVFKDUJHFXUUHQWGHFUHDVHVQHJDWLYHLPSHGDQFHLQWKLVUHJLRQLW
ZDVREVHUYHGWKDWWKHWKUXVWHUGLVFKDUJHFXUUHQWRVFLOODWLRQVZHUHODUJH
 $IODWUHJLRQZKHUHDVWKHGLVFKDUJHYROWDJHLVLQFUHDVHGWKHGLVFKDUJH
FXUUHQWIRUWKHPRVWSDUWZDVXQFKDQJHGWKLVUHJLRQZDVFKDUDFWHUL]HG
E\UHODWLYHO\VPDOOGLVFKDUJHFXUUHQWRVFLOODWLRQVDQGLVGHVLUDEOH

 $SRVLWLYHVORSHGUHJLRQZKHUHDVWKHGLVFKDUJHYROWDJHLVLQFUHDVHGWKH
GLVFKDUJHFXUUHQWLQFUHDVHVSRVLWLYHLPSHGDQFHLQWKLVUHJLRQWKH
GLVFKDUJHFXUUHQWRVFLOODWLRQVPDJQLWXGHZDVUHODWLYHO\JUHDWHUWKDQWKH
IODWUHJLRQEXWZDVOHVVWKDQWKHLUPDJQLWXGHLQWKHQHJDWLYHUHJLRQDQG

 $KXPSUHJLRQZKHUHWKHGLVFKDUJHFXUUHQWLQFUHDVHVUDSLGO\ZLWKWKH
GLVFKDUJHYROWDJHLQDQDUURZYROWDJHUHJLRQWKLVW\SLFDOO\UHVXOWHGLQ
ODUJHPDJQLWXGHGLVFKDUJHFXUUHQWRVFLOODWLRQV
ZZZQDVDJRY
9,&KDUDFWHULVWLFVDQGPJV9
PJV PJV
7KUXVWHURSHUDWLRQLVPRVWVWDEOHDWWKHORZHVWRSHUDWLQJIDFLOLW\EDFNJURXQG
SUHVVXUH
ZZZQDVDJRY
PJV
9,&KDUDFWHULVWLFVPJV9
7KUXVWHURSHUDWLRQLVPRVWVWDEOHDWWKHORZHVWRSHUDWLQJIDFLOLW\EDFNJURXQG
SUHVVXUH
ZZZQDVDJRY
PJV PJVKRW
9,&KDUDFWHULVWLFVPJV9
 7KUXVWHURSHUDWLRQLVPRVWVWDEOHDWWKHORZHVWRSHUDWLQJIDFLOLW\
EDFNJURXQGSUHVVXUH
 %1WHPSHUDWXUHGLGQRWLPSDFW9,&KDUDFWHULVWLFV
ZZZQDVDJRY
PJV
PJV
PJV
9,&KDUDFWHULVWLFVPJV9
ZZZQDVDJRY
Slow9,&KDUDFWHULVWLFVRIWKH+L9+$F7KUXVWHUZHUH
3HUIRUPHGDW'LIIHUHQW2SHUDWLQJ&RQGLWLRQVWR0DS
7KUXVWHU3HUIRUPDQFH
8WLOL]HWKHVORZ9,VZHHSVDVDZD\WRSHUIRUPDTXLFNPDSRIWKHWKUXVWHUSHUIRUPDQFH
 9ROWDJHVWHS97LPHDWHDFK9ROWDJHVHFUHFRUGDOOWKUXVWHUWHOHPHWU\LQFOXGLQJWKUXVW
 3HUIRUPVZHHSVDWGLIIHUHQWDQRGHPDVVIORZUDWHVDQGGLIIHUHQWPDJQHWVHWWLQJ
7/22/2014 25
ZZZQDVDJRY26
6XPPDU\	&RQFOXVLRQV
 $QDO\VLVRIWKHWHVWUHVXOWVLVLQGLFDWLQJWKDWWKH+L9+$FWKUXVWHUH[KLELWV
UHGXFHGSHUIRUPDQFHDWORZHVWDWWDLQDEOHEDFNJURXQGSUHVVXUHFRQGLWLRQ
ZKHQFRPSDUHGWRSHUIRUPDQFHUHVXOWVREWDLQHGGXULQJSHUIRUPDQFHWHVWV
LQ9)aîKLJKHUEDFNJURXQGSUHVVXUHWKDQ9)

 7HVWUHVXOWVIRXQGWKDWIORZLQJHVWLRQGRHVQRWDFFRXQWHQWLUHO\IRUWKH
FKDQJHLQWKUXVWHUSHUIRUPDQFHDWWKHHOHYDWHGEDFNJURXQGSUHVVXUHOHYHOV

 ([SHULPHQWDOUHVXOWVLQGLFDWHGWKDWWKHFDWKRGHWRJURXQGYROWDJH
PDJQLWXGHVFKDQJHGDVWKHIDFLOLW\EDFNJURXQGSUHVVXUHZDVYDULHG7KLV
LQGLFDWHGWKDWWKHFRXSOLQJEHWZHHQWKHFDWKRGHDQGWKUXVWHU¶VGLVFKDUJH
ZDVFKDQJLQJ

 ([SHULPHQWDOHYLGHQFHWKDWWKHLRQL]DWLRQDQGDFFHOHUDWLRQ]RQHVZHUH
VKLIWLQJXSVWUHDPWRZDUGVWKHWKUXVWHU¶VDQRGHZHUHDOVRREVHUYHGLQWKLV
WHVWVHULHV

 7KHWKUXVWHU¶V9,SURILOHVUHVXOWVLQGLFDWHGWKDWWKHUHJLRQRIVWDEOHWKUXVWHU
RSHUDWLRQQDUURZHGDVWKHIDFLOLW\EDFNJURXQGSUHVVXUHZDVLQFUHDVHG

7/22/2014 
ZZZQDVDJRY
)XWXUH:RUN
 3HUIRUPDQFHFKDUDFWHUL]DWLRQLQWKHUHFRQILJXUHG9)DW
IDFLOLW\EDFNJURXQGSUHVVXUHRIDSSUR[LPDWHO\î7RUU
GXULQJIXOOSRZHUWKUXVWHURSHUDWLRQ
 3HUIRUPDQFHFKDUDFWHUL]DWLRQDWFRQVWDQWSRZHU
 9,FKDUDFWHUL]DWLRQ
 7KHUPDOFKDUDFWHUL]DWLRQXVLQJWKHUPRFRXSOHVDQGDQ,5
FDPHUD
 3OXPHFKDUDFWHUL]DWLRQXVLQJIDUDGD\(î%DQGUHWDUGLQJ
SRWHQWLDODQDO\]HUSUREHV
 )$67FDPHUDPHDVXUHPHQWVRIWKHWKUXVWHURSHUDWLQJ
PRGHV
 ,QQHUDQGRXWHUGLVFKDUJHFKDQQHOVXUIDFH/DQJPXLUSUREH
PHDVXUHPHQWVWRKHOSDVFHUWDLQWKHORFDWLRQRIWKH
GLVFKDUJHLRQL]DWLRQDQGDFFHOHUDWLRQ]RQHV
 ,QYHVWLJDWLRQRIFDWKRGHSRVLWLRQDQGIORZIUDFWLRQHIIHFWVRQ
WKUXVWHUSHUIRUPDQFHDQG
 ,QYHVWLJDWLRQRILPSDFWRIPDJQHWLFFLUFXLWWRSRORJ\RQ
WKUXVWHURSHUDWLRQDWYDULRXVIDFLOLW\EDFNJURXQGSUHVVXUH
OHYHOV
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